Resolution of the phosphorylated and dephosphorylated cAMP-binding proteins of bovine cardiac muscle by affinity labeling and two-dimensional electrophoresis.
The photoaffinity label 8-azido[32P]adenosine 3':5'-monophosphate (8-azido-cyclic [32P]AMP) was used to analyze both the cAMP-binding component of the purified cAMP-dependent protein kinase, and the cAMP-binding proteins present in crude tissue extracts of bovine cardiac muscle. 8-Azido-cyclic [32P]AMP reacted specifically and in stoichiometric amounts with the cAMP-binding proteins of bovine cardiac muscle. Upon phosphorylation, the purified cAMP-binding protein from bovine cardiac muscle changed its electrophoretic mobility on sodium dodecyl sulfate-polyacrylamide gels from an apparent molecular weight of 54,000 to an apparent molecular weight of 56,000. In tissue extracts of bovine cardiac muscle, most of the 8-azido-cyclic [32P]AMP was incorporated into a protein band with an apparent molecular weight of 56,000 which shifted to 54,000 upon treatment with a phosphoprotein phosphatase. Thus a substantial amount of the cAMP-binding protein appeared to be in the phosphorylated form. Autoradiograms following sodium dodecyl sulfate-polyacrylamide gel electrophoresis of both the pure and impure cAMP-binding proteins labeled with 8-azido-cyclic [32P]AMP revealed another binding component with a molecular weight of 52,000 which incorporated 32P from [gamma-32P]ATP without changing its electrophoretic mobility. Limited proteolysis of the 56,000- and 52,000-dalton proteins labeled with 32P from either [gamma-32P]ATP.Mg2+ or 8-azido-cyclic [32P]AMP showed patterns indicating homology. On the other hand, peptide maps of the major 8-azido-cyclic [32P]AMP-labeled proteins from tissue extracts of bovine cardiac muscle (Mr = 56,000) and rabbit skeletal muscle (Mr = 48,000) displayed completely different patterns as expected for the cAMP-binding components of types II and I protein kinases. Both phospho- and dephospho-cAMP-binding components from the purified bovine cardiac muscle protein kinase were also resolved by isoelectric focusing on polyacrylamide slab gels containing 8 M urea. The phosphorylated forms labeled with 32P from either [gamma-32P]ATP or 8-azido-cyclic [32P]AMP migrated as a doublet with a pI of 5.35. The 8-azido-cyclic [32P]AMP-labeled dephosphorylated form also migrated as a doublet with a pI of 5.40. The phosphorylated and dephosphorylated cAMP-binding proteins migrated with molecular weights of 56,000 and 54,000, respectively, following a second dimension electrophoresis in sodium dodecyl sulfate. The lower molecular weight cAMP-binding component (Mr = 52,000) was also apparent in these gels. Similar experiments with the cAMP-binding proteins present in tissue extracts of bovine cardiac muscle indicate that they are predominantly in the phosphorylated form.